Abstract-Cadmium Zinc Telluride (CZT) is one of the most exploited materials for x-ray and gamma ray radiation detection. Nevertheless CZT ingots are still affected by many defects, the most common features are Te inclusions, dislocations and grain boundaries. In this work the results of many investigation techniques are put together and compared in order to have a better understanding of the role of each defect in the degradation of the detector performances. A CZT ingot grown by low pressure Bridgman technique in IMEM Institute, Parma, was analyzed. The material was studied by means of the IR microscopy, for the identification of Te inclusions and then studied with the use of the synchrotron light source (NSLS National Synchrotron Light Source) for the analysis of the crystalline structure and uniformity of the x-ray response.
I. INTRODUCTION
dZnTe has become in the past decades the leading material for radiation detectors operating at room temperature. Despite all the characteristics that make CZT an extremely suitable material for the realization of radiation devices, several defects are still present in the material and each of them plays a role in the degradation of the detector charge collection.
Some defects, like Te inclusions, are a consequence of the growth conditions and their presence cannot be avoided. Others, like dislocations or grain boundaries, can be limited by controlling the growth parameters. It is extremely difficult to obtain a dislocation free CZT ingot.
The identification of defects in CZT crystals involves the use of several techniques. By combining the results of every different measurement it is possible to understand the roles of every single kind of defect on the degradation of the device properties. Moreover it's very important to correlate the degradation mechanism with the dimensions and position of such defects.
IMEM grown CZT ingots were studied in collaboration with the Brookhaven National Laboratory (BNL). The National Synchrotron Light Source facility, located inside BNL, offers a wide range of characterization techniques for radiation detector, concerning the analysis of the crystal structure analysis and the X-ray response study.
II. EXPERIMENT
The material studied in this work was grown in IMEM, using the low pressure Bridgman technique. The ingots were cut in wafers perpendicular to the growth axis and the samples of the average size of 7x7 mm 2 were obtained with a diamond wire saw. The surface was then deeply polished in order to remove the damaged layer induced by the cutting procedure. Diamond pastes were used to obtain a smooth surface. Gold contacts were deposited using an aqueous AuCl 3 solution. A detailed study of the sample preparation can be found in [1] .
The material was firstly characterized at IMEM. The electrical properties were studied using an IV measurement setup specifically studied for high resistivity materials. The resistivity of the samples was calculated from the low voltage region (from -1 to 1 V) of the IV curve [2] , resulting in in the range (1-4.5)x10
10 Ω•cm. The spectroscopic response was studied using standard radiation sources. The detectors showed a good charge collection for the energy range up to 150 keV. The mobility-lifetime product (µτ) for electrons was analyzed using both an alpha particle source and an x-ray source. The two results were in good agreement and the value obtained is 2x10 -3 cm 2 /Vs. The IR microscopy can provide an accurate measurement of the distribution of Te inclusions or other secondary phases present in the crystalline matrix. CZT is in fact transparent to the IR light, while other features are opaque.
The most common secondary phase is represented by Te inclusions [3] . Several commercial softwares were developed for processing IR images. One important tool is the possibility to generate a collapsed image resulting from the compression on all the different focal planes that represent the sample thickness on one single plane [4] . The resulting image contains the information regarding all the samples, anyway this tool has C 3674 978-1-4244-9105-6/10/$26.00 ©2010 IEEE some limitations like the loss information in case two inclusions are located in the same position at different depths.
The X-ray microscale mapping is a characterization technique that can provide useful information on the homogeneity of the X-ray response map in the x-y plane. The measurements are performed at the Brookhaven National Laboratory using a 24 keV beam line at the NSLS facility [5] . The beam is impinging the sample surface and an X-ray spectra is acquired for every interrogated. An IDL routine reconstructs the image assigning a different contrast to every point, according to the charge collection efficiency. The structural properties of the samples were then studied using the X-ray diffraction topography. Diffraction topography is an imaging technique that is based on the Bragg law of diffraction [6] . The beam used is a synchrotron white beam, with energy up to 50 keV. The samples were analyzed in reflection geometry. With this geometry is possible to scan a region of some tens of microns. The experimental geometry is explained in fig.1 : the beam is impinging the sample surface, is reflected following the Bragg law and then is acquired using an X-ray sensitive film. Fig. 1 . A schematic representation of the geometry for the X-ray diffraction topography experiment. The baem coming from the right side is impinging the sample surface, is reflected and the diffracted spots are acquired on the X-ray sensitive film.
For every measurement many Bragg reflections are presents on the X-ray film. For the acquisition of an X-ray topographic image 3-4 seconds is a sufficient time. 
III. RESULTS AND DISCUSSION
Several samples grown at IMEM were studied, the samples originated from different ingots, in order to have a good overview of the reproducibility of the samples properties. The IR measurements show the presence of Te inclusions, the concentration is about 6x10 5 cm -3 . The size varies between 2 µm and 30 µm. A characteristic IR transmission image of IMEM samples is shown in Fig. 2 . The dark spots are Te inclusions; also some residual scratches from the polishing procedures are clearly visible.
The X-ray microscale mapping showed very good response. Fig. 3 shows a X-ray map of a IMEM sample, the detectors response is very uniform, the fluctuation in the X-ray response are less then 2%. The brighter parts in the map are areas with a good response, while the darker spots are connected with e degradation of the X-ray response. The map appears very bright, meaning that the detector has good charge collection efficiency, as it's also clear from the 3D map image in Fig.3 . Some darker spots are present, related to the presence of Te inclusions. The X-ray diffraction topography is an extremely versatile technique, however the analysis of the images is not an easy task. In fact the same defect can lead to very different contrast features in the diffracted image. Subgrain boundaries are present in Fig.7 . In both the pictures the majority of the defects are subgrain boundaries, however they appear very different in the two images. They appear bright (lack of diffraction) or darker (overlapping between two adjacent regions) depending on the variation of the scattering power in the area near the defect.
The results of these tree techniques are compared to each other.
Firstly, the IR collapsed image was compared with the Xray response map. The contrast of the X-ray response map was enhanced, in order to highlight the presence of features in the response. These two images show several similarities; in fact in the X-ray response map many dark dots are present. The dark dots are associated with the presence of Te inclusions and the comparison with the IR collapsed image confirms that. The features present in the X-ray map correspond to Te inclusions in the IR image. Some of the Te inclusions are identified and marked with circular dots in Fig. 4 , the selected inclusions are selected randomly all over the sample. The size of the Te inclusions that are visible in the X-ray response map vary between 8-10 µm and 30 µm, the maximum size of the Te inclusions present in this sample. Smaller inclusions, that are visible in the IR image, cannot be seen in the X-ray response map. This is due to the raster scan resolution used for the Xray response map. All the big inclusions (30 µm) can be identified in the IR map. In order to understand the correlation within the effect of Te inclusions on the X-ray response map and the positions of the same in the sample, the IR collapsed image was split into images with different focal planes. The Xray response map was then compared with a bottom IR image. In Fig. 5 shows that the inclusions previously identified in the collapsed image do not belong to this region of the sample. In fact only a small number of big Te inclusions can be identified.
The X-ray response map is then compared to a top IR image. A comparison between the two images, in Fig. 6 , shows that the majority of the Te inclusions are in this region of the sample. In fact this is the area where the charge carriers are generated, and the influence on the collection is higher. In this region also small Te inclusions can be detected. This results are in perfect agreement with the theoretical model presented by Carini et al. [7] .
The X-ray response map was then compared to the X-ray diffraction topography of the same sample, the correlation of the two techniques is shown in Fig. 8 . The topography highlights the presence of several subgrain boundaries, they appear as white lines in the image. These defects are also present in the X-ray response map, some features present in both maps are highlighted with rectangual shapes. In some regions the effect is so heavy that the detector response is completely absent. In fact large defects are acting as traps, limiting the detector performances.
IV. CONCLUSION
A set of IMEM grown CZT samples was studied in collaboration with the Brookhaven National Laboratory. Several high resolution techniques were used, leading to complementary results in the characterization of the well known defects affecting the material. Te inclusions were identified using IR microscopy. The entire thickness of the sample was scanned and a collapsed image, containing information on all the sample depth, was acquired on the entire area of the sample. X-ray response map were performed using a 24 keV synchrotron X-ray beam and a raster scan resolution down to 20 µm, on a large number of samples. The response map showed high uniformity of the response, with a fluctuation of about 2% in the device charge collection efficiency. The X-ray diffraction topography was performed in the reflection geometry using a white synchrotron X-ray beam with energy up to 50 keV. The degradation of the detector response was correlated with the presence of Te inclusions in the IR images. A correlation was found between the spacial position of the inclusions in the detector thickness and the local effect on charge collection, as expected by thoretical models proposed in the literature.
The influence of extended defects in the near to surface region was also studied. The correlation of the X-ray response and the X-ray diffraction topography assigned a role to extended defects in the degradation of the response.
A large number of the subgrain boundaries present in the Xray topography are affecting the X-ray response deeply.
